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Abstract
The reaction of 3,5-dimethylpyrazolyl-N-isopropylpropanamide (L1) with dichloro(1,5cyclooctadiene)palladium(II) displaces cyclooctadiene forming Cl2Pd(L1)2. This complex has
been characterized by NMR and IR spectroscopy, single crystal X-Ray diffraction, and elemental
analysis. It is composed of a square planar Pd with trans L1 ligands attached through a pyrazolyl
nitrogen and intramolecular hydrogen bonding between the amide and chloride.
Similar reactions were carried out with 3,5-dimethylpyrazolylpropanamide (L2), pyrazolyl-Nisopropylpropanamide (L3), 3-(1H-benzotriazol-1-yl)-N,N-dimethylpropanamide (L4), 3methylpyrazolylpropanamide (L5), 3-(1H-benzotriazol-1-yl)-2-methylpropanamide (L6), and Npyrazolypropanamide (L7) presumably forming analogous complexes. This formulation for
Cl2Pd(L2)2, Cl2Pd(L3)2, and Cl2Pd(L4)2 is supported by NMR and IR spectroscopy and
elemental analysis. The products of the reactions of L5, L6, and L7 are yellow precipitates that
are insoluble in most organic solvents. The reaction product of L5 and L6 has been characterized
by IR spectroscopy. The reaction product of L7 has been characterized by IR spectroscopy and
elemental analysis. Single crystals have not yet been obtained for the products from L2, L3, L4,
L5, L6, and L7.
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Introduction
Recently, there has been both a public and academic interest in the study of acrylamide
(Figure 1) and its derivatives. In 2002, researchers determined that acrylamide was present in
foods after high temperature processing. At these temperatures, the
Maillard Reaction, which gives fried foods their distinctive brown
color, produces acrylamide as a byproduct.1 As a result of this
discovery, and in conjunction with a number of studies that indicated
acrylamide’s carcinogenic effect on mice, the WHO/FAO Joint
Expert Committee on Food Additives labeled acrylamide as a “human health concern” in 2010.1
Presently, there continues to be a concern over the public’s exposure to acrylamide; in 2016, the
Food and Drug Administration published guidelines for food manufacturers to limit the
consumer’s exposure to acrylamide.1
Despite the focus on its health effects, acrylamide has long been of academic interest
because of its possible catalytic properties. Acrylamide, with both carbonyl and amide functional
groups, has the potential to coordinate to metal centers from varying positions. These variable
donor groups may afford hemilabile character to acrylamide.
Hemilabile ligands are ligands that contain at least two distinct
bonding groups that differ in their affinity for a metal center.2
Figure 2: A diagram of the
process by which hemilabile
ligands can provide
environments for catalysis.

The differences in the donor groups’ affinities for the metal center
result in a situation in which the weakly coordinating group
detaches from the metal center but is effectively anchored through

the strongly coordinating group (Figure 2).3 The open site that results from this detachment allows
for vacant sites suitable for substrate binding (Figure 2). The strongly coordinated, “anchoring”
group can stabilize reaction intermediates, conferring effective catalytic activity to hemilabile
ligands.2 As a result of the amide and carbonyl groups, Acrylamide’s backbone may confer
hemilability to acrylamide and acrylamide derived ligands.2

6

In keeping with the interest in acrylamide, Girma et al. synthesized a pyrazole-substituted
acrylamide derivative, N-pyrazolylpropanamide (Figure 3).4
Through the addition of the pyrazole moiety in N-ppa, a greater
number of potential coordinating sites to a metal center are present.
Prior to Girma et al., N-pyrazolylpropanamide (N-ppa) had been
synthesized only once prior through the reaction of acrylamide

Figure 3: The structure of Npyrazolypropanamide (N-ppa).

with pyrazole in the presence of sodium methoxide.4 This procedure was adapted to include the
use of trimethylbenzylammonium hydroxide as the basic catalyst (Scheme 1).4 This synthesis
afforded N-ppa in a substantially higher yield as compared to the original route.4
Additionally, complexes of copper(II) and cobalt(II) chlorides
with N-ppa were reported. These were the first reported coordination
compounds of N-ppa, with both coordination compounds containing Nppa in a seven-membered chelating ring (Figure 4).5 The chelating
Figure 4: The structure of
a copper(II) complex
containing N-ppa.

nature of N-ppa may suggest that N-ppa has applications as a ligand in
a catalyst, as the variable donor groups may provide for hemilabile
character and effective catalytic function. A later

study confirmed the N,O-chelating nature of N-ppa, indicating similar
complexes with iron(II) and nickel(II).5
However, in contrast to previously determined modes of
coordination, it was discovered that when N-ppa formed a complex with
sivler(I), the resulting product contained two trans N-ppa ligands
coordinated to the metal atom through a single pyrazole nitrogen (Figure
5). This was the first instance of monodentate nitrogen coordination
through the pyrazole ring, which defied the general trend of complexes
containing N-ppa in a seven-membered chelating ring.

7

Figure 5: The structure
of a silver(I) complex
containing N-ppa.

Scheme 1: The synthesis of N-ppa.
Later studies indicated that the synthetic route for N-ppa could be adapted to synthesize Nppa derivatives and thus further study the complex behavior of this multifunctional ligand.6
D’Amico et al. reported the synthesis of manganese complexes with three new N-ppa derived
ligands.6 While two of the three compounds acted as chelating agents, forming similar complexes
to that which was observed for both copper(II) (Figure 4) and cobalt (II) complexes of N-ppa, the
complex of a benzyltriazole derivative involved monodentate N-coordination via the pyrazole
ring.6 This was analogous to the silver(I) complex (Figure 5) and contrasted with the generally
observed trend of N,O chelation for N-ppa and its derivatives. The variability that is observed with
regards to the modes of coordination for N-ppa and its derivatives necessitate that further studies
be conducted.
The present study sought to further elucidate the coordination behavior of N-ppa by
studying the reaction of N-ppa derived ligands with dichloro(1,5-cyclooctadiene)palladium(II).
This work is intended to expand N-ppa research into the heavier Group 10 elements, given the lack
of such studies in the literature. There is considerable interest in complexes involving Group 10
element due to their catalytic and medicinal properties. Platinum-based catalysts remain one of the
most effective means for producing organofunctional silanes and silicones, which are commonly
used in both adhesives and polymers.7 Additionally, platinum-based anticancer agents have been
tremendously effective in the treatment of cancer. One example of such an agent is cisplatin, a
chemotherapy medication containing a square planer Pt (II) complex with two amine groups (cis[Pt(NH3)2Cl2]).3 After its uptake into the cell, the platinum(II) complex is activated through the
displacement of the chlorides by water molecules; the aquated complex can then coordinate to
nitrogenous bases within DNA, causing a pronounced kink in the double helix and negatively
impacting subsequent replication rates.8 Prior to the development of platinum-based chemotherapy
drugs, the cure rate for those with metastatic testicular cancer was only 5% to 10%.9 Only a few
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years after the development of cisplatin (1974-1976), a cure rate of greater than 57% was
observed.9
Palladium is chemically related to platinum and is also available at a substantially lower
cost. It is for this reason that dichloro(1,5-cyclooctadiene)palladium(II) was chosen in order to
study the complex behavior of N-ppa with heavier Group 10 elements. Using the synthetic
procedure outlined by D’Amico et al., new N-ppa derivatives are reported.6 Additionally, the
synthesis and characterization of seven N-ppa derived palladium(II) complexes are reported.
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Experimental Section
Physical Methods. Microanalyses were performed by Galbraith Laboratories, Inc., Knoxville,
TN, USA. IR spectra were recorded on a Bruker Alpha FT-IR using an ATR accessory between
4000cm-1 and 400cm-1 at 2 cm-1 resolution. NMR spectra were recorded on Bruker Advance 300
and 400 NMR spectrometers and analyzed using SpinWorks™ 4.0.3.0. Melting points were
obtained using a Mel-Temp Electro-thermal apparatus. X-ray analyses were performed in the
laboratory of Dr. Frank Edelmann, Chemisches Institut der Otto-von-Guericke-Universität
Magdeburg, Magdeburg, Germany.

Materials. Dichloro(1,5-cyclooctadiene)palladium(II) was used as received from Strem
Chemicals. Acrylamide, N-isopropylacrylamide, bis(benzonitrile)dichloropalladium(II), and
trimethylbenzylammonium hydroxide (40% in methanol, Triton B) were used as received from
Sigma Aldrich. Chloroform (99.8%) was used as received from Acros Organics. 3,5Dimethylpyrazole was used as received from Fluka Analytical. L3, L410, L56, L610, and L74 were
obtained from previous syntheses in our laboratory.

L1

Synthesis of 3,5-dimethylpyrazolyl-N-isopropylpropanamide (L1). A mixture of 2.862 g
(25.00mmol) of N-isopropylpropanamide, 2.405 g (25.00mmol) of 3,5-dimethylpyrazole, and
1mL of trimethylbenzylammonium hydroxide (40% in methanol, Triton B) was submerged in a
hot water bath for five hours. The reaction mixture solidified on cooling, was washed with
diethyl ether, and dried in vacuo to give 4.414 g (84.3%) of a brown solid. Recrystallization from
methylene chloride/diethylether (2:1) solution yielded colorless crystals suitable for X-ray
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diffraction analysis. Elemental Anal. Calcd for C11H19N3O: C, 63.17; H, 9.18; N, 20.10. Found:
C, 63.18; H, 8.9; N, 20.09. Mp: 123.3-124.8 °C.
IR (ATR, cm-1): 3232 m, 3203 m, 3117 m, 3054 m, 2982 m, 2969 m, 2930 m, 2874 w,
1658 vs, 1549 s, 1490 w, 1458 s, 1430 m, 1419 m, 1380 vs, 1367 s, 1330 m, 1257 w,
1340 vs, 1204 vw, 1163 m, 1132 m, 1121 m, 1055 w, 1036 w, 1016 s, 989 m, 926 w, 852
w, 818 s, 771 m, 652 s, 608 s, 588 w, 488 w, 474 m, 440 s. 1H NMR (400 MHz, CDCl3):
1.05 (d, JGH=6.57 Hz, HH), 2.22 (s, HA/HC ), 2.24 (s, HC/HA), 2.69 (t, JDE=6.45Hz, HE),
3.93 (m, JHG=6.59 Hz, HG), 4.23 (t, JED=6.43Hz, HD), 5.78 (s, HB), 5.82 (b, NH2, HF). 13C
NMR (400 MHz, CDCl3): 10.9, 13.4, 22.5, 37.4, 41.4, 44.4, 104.9, 139.8, 147.8, 169.5.

L2
Synthesis of 3,5-dimethylpyrazolylpropanamide (L2). A mixture of 1.782g (25.0mmol) of
acrylamide, 2.416g (25.0mmol) of 3,5-dimethylpyrazole, and 1mL of trimethylbenzylammonium
hydroxide (40% in methanol, Triton B) was submerged in a hot water bath for five hours. The
cooled reaction mixture was then washed with diethyl ether and dried in vacuo to produce 3.724g
(89.6%) of white 3,5-dimethylpyrazolylpropanamide. Recrystallization from ethanol yielded a
single large crystal. MP: 128.3-129.4 °C
IR spectrum (ATR, cm-1): 3343 m, 3159 m, 2985 w, 2928 w, 1690 s, 1674 vs, 1645 m,
1548 w, 1485 m, 1455 m, 1433 m, 1402 m, 1387 m, 1321 m, 1282 m, 1243 w, 1200 m,
1154 m, 1137 w, 1116 w, 1041 w, 1019 m, 985 m, 949 m, 788 vs, 693 m, 671 vs, 555 vs,
496 m, 463 w. 1H NMR (400Hz, CDCl3): 2.20 (s, HA/HC), 2.25 (s, HC/HA), 2.78 (t,
JDE=6.54Hz, HE), 4.24 (t, JED=6.53Hz, HD), 5.74 (s, HB), 5.90 (b, NH2, HF/HG), 6.38 (b,
11

NH2, HG/HF).13C NMR (400Hz, CDCl3): 10.9, 13.4, 36.2, 44.1, 105.1, 139.6, 148.0,
173.1.

Synthesis of Cl2Pd(L1)2. 3,5-Dimethylpyrazolyl-N-isopropylpropanamide (0.079g (0.375mmol)
and dichloro(1,5-cyclooctadiene)palladium(II) (0.073g, 0.252mmol) were dissolved in 20mL of
chloroform and stirred under nitrogen for three days. Evaporation yielded 0.141g (94.2%) of
orange crystals suitable for X-ray diffraction analysis. Elemental Anal. Calcd. for
C22H38N6O2PdCl2: C, 44.36; H, 6.38; N, 14.11. Found: C, 44.09; H, 6.22; N, 13.66. Mp: 225.6226.4°C.
IR spectrum (ATR, cm-1): 3294 vs, 3143 w, 3064 w, 2972 s, 2931 w, 1668 vs, 1543 s,
1459 s, 1436 w, 1411 s, 1387 m, 1367 m, 1334 w, 1297 m, 1262 s, 1234 m, 1182 s, 1164
s, 1138 w, 1129 w, 1096 b, 1070 w, 1044 w, 1018 w, 960 w, 920 w, 890 w, 866 w, 798
vs, 741 m, 674 s, 659 s, 639 m, 630 m, 596 m, 585 m, 573, 452 m, 434 m. 1H NMR
(400Hz, CDCl3): 0.90 (d, JGH=6.57Hz, HH), 2.33 (s, HA/HC), 2.83 (s, HC/HA), 3.72 (t,
JDE=6.30Hz, HE), 3.81 (m, JHG=6.60Hz, HG), 4.92 (t, JED=6.33Hz, HD), 5.89 (s, HB), 6.49
(b, NH2, HF). 13C NMR (400Hz, CDCl3): 12.0, 15.2, 22.2, 37.3, 41.5, 45.6, 107.5, 145.3,
168.3.
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Synthesis of Cl2Pd(L2)2. 3,5-Dimethylpyrazolylpropanamide (0.086g, 0.501mmol) and
dichloro(1,5-cyclooctadiene)palladium(II) (0.073g, 0.255mmol) were dissolved in 20mL of
chloroform and stirred under nitrogen for three days. Evaporation yielded 0.089g (74.9%) of an
orange solid. Elemental Anal. Calcd. for C16H26N6O2PdCl2: C, 37.55; H, 5.12; N, 16.42. Found:
C, 37.50; H, 5.21; N, 16.0. Mp: 261.2-263.5 °C
IR spectrum (ATR, cm-1): 3384 m, 3166 m, 2962 m, 1704 m, 1687 w, 1554 w, 1470 w,
1414 m, 1395 m, 1351 w, 1316 w, 1258 s, 1206 w, 1086 w, 1013 s, 864 w, 792 s, 702 w,
660 w, 602 m, 532 w, 476 m. 1H NMR (400Hz, CDCl3): 2.35 (s, HA/HC), 2.83 (s,
HC/HA), 3.79 (t, JDE=6.39Hz, HE), 4.98 (t, JED=6.37, HD), 5.14 (b, HF/HG), 5.91 (s, HB),
6.38 (b, HG/HF). A satisfactory carbon spectrum has not yet been obtained.

Synthesis of Cl2Pd(L3)2 (L3= pyrazolyl-N-isopropylpropanamide). Pyrazolyl-Nispropylpropanamide (0.091g, 0.502mmol) and dichloro(1,5-cyclooctadiene)palladium(II)
(0.075g, 0.263mmol) were dissolved in 20mL of chloroform and stirred under nitrogen for three
days. Evaporation yielded 0.092g (67.9%) of an orange solid that was washed with diethyl ether
13

and dried in vacuo. Elemental Anal. Calcd for C18H30N6O2PdCl2: C, 40.05; H, 5.60; N, 15.57.
Found: C, 40.54; H, 4.81; N, 15.09. Mp: 193.4-195 °C.
IR spectrum (ATR, cm-1): 3375 s,1665 m, 1635 s, 1564 s, 1519 w, 1464 w, 1439 m, 1414
m, 1386 w, 1356 m, 1344 w, 1318 w, 1283 m, 1263 m, 1248 m, 1224 w, 1176 w, 1160 w,
1130 w, 1106 w, 1083 s, 1057 w, 1008 w, 988 w, 961 w, 939 w, 896 w, 840 w, 783 w,
768 vs, 714 w, 677 w, 621 m, 575 m, 518 w, 455 w, 417 m. 1H NMR (400Hz, CDCl3):
0.92 (d, JGH=6.58Hz, HH), 3.63 (t, JDE=6.23Hz, HE), 3.84 (m, JHG=6.58Hz, HG), 5.06 (t,
JED=6.19Hz, HD), 6.19 (b, NH2, HF), 6.35 (d, J=2.55, HB), 7.55 (t, J=2.60Hz, HA/HC),
7.80 (t, J=2.59Hz, HC/HA). 13C NMR (400Hz, CDCl3): 22.3, 37.3, 41.3, 49.9, 107.4,
135.7, 143.3, 168.0.

Synthesis of Cl2Pd(L4)2 (L4=3-(1H-benzotriazol-1-yl)-N,N-dimethylpropanamide). 3-(1Hbenzotriazol-1-yl)-N,N-dimethylpropanamide (0.112g, 0.522mmol) and dichloro(1,5cyclooctadiene)palladium(II) (0.075g, 0.263mmol) were dissolved in 20mL of chloroform and
stirred under nitrogen for three days. Evaporation of the solution yielded 0.115g (89.1%) of an
orange solid. The crude product was dissolved in chloroform and layered with toluene in an
NMR tube, forming crystals suitable for X-Ray analysis. Elemental Anal. Calcd for
C22H28N8O2PdCl2: C, 43.05; H, 4.60; N, 18.25. Found: C, 42.92; H, 4.02; N, 17.81. Mp: 259260.3 °C.
IR (ATR, cm-1): 3266 m, 3149 w, 3138 w, 3118 m, 3084 w, 2973 m, 2962 w, 2931 w,
2874 w, 1664 m, 1635 s, 1563 s, 1519 m, 1464 w, 1438 m, 1414 m, 1386 m, 1365 m,
1344 w, 1318 w, 1283 m, 1248 m, 1224 w, 1176 m, 1160 w, 1130 w, 1106 w, 1082 s,
1057 w, 1022 w, 988 w, 961 w, 939 w, 896 m, 859 w, 840 w, 800 w, 783 w, 768 s, 712
14

m, 677 m, 652 w, 621 s, 575 m, 517 m, 454 w, 417 m. 1H NMR (400Hz, CDCl3): 2.92 (s,
HG/HH), 2.94 (s, HH/HG), 3.19 (t, JFE=6.52Hz, HF), 5.07 (t, JEF=6.52Hz, HE), 7.62 (m,
2H), 7.80 (m, 1H), 8.76 (m, 1H). A satisfactory carbon spectrum has not been obtained.

Synthesis of Cl2Pd(L5)2 (L5=3-methylpyrazolylpropanamide). 3Methylpyrazolylpropanamide (0.053 g, 0.346mmol) and dichloro(1,5cyclooctadiene)palladium(II) (0.074g, 0.256mmol) were dissolved in 25mL of chloroform and
stirred under nitrogen for three days. Evaporation yielded 0.072g (86.3%) of a yellow solid. Mp:
136.2-138.8 °C.
IR (ATR, cm-1): 3451 w, 3375 m, 3350 w, 3191 w, 3132 w, 3120 w, 2917 w, 1699 m,
1659 vs, 1615 s, 1519 m, 1431 s, 1375 m, 1346 w, 1321 w, 1301 m, 1283 w, 1218 m,
1191 m, 1120 w, 1088 m, 1041 w, 1013 w, 982 w, 938 w, 901 w, 864 w, 796 m, 777 s,
760 s, 695 w, 660 w, 653 w, 604 m, 534 m, 472 m, 427 w. NMR spectra have not been
obtained, as the product is insoluble in most organic solvents.
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Synthesis of Cl2Pd(L6)2 (L6=3-(1H-benzotriazol-1-yl)-2-methylpropanamide). 3-(1Hbenzotriazol-1-yl)-2-methypropanamide (0.101g, 0.495mmol) and dichloro(1,5cyclooctadiene)palladium(II) (0.074g, 0.259mmol) were dissolved in 25mL of chloroform and
stirred under nitrogen for three days, at which point a yellow precipitate formed. The solution
was centrifuged and 0.092g (63.4%) of solid was removed. Mp: 268-271 °C.
IR spectrum (ATR, cm-1): 3380 s, 3299 s, 3198 s, 3164 s, 3107 s, 2991 m, 2970 m, 2932
m, 2882 w, 2775 m, 2727 w, 2656 w, 2564 w, 2485 w, 2167 w, 2025 w, 1921 w, 1906 w,
1671 vs, 1619 s, 1519 m, 1461 s, 1416 s, 1367 s, 1284 m, 1182 m, 1129 m, 1082 s, 1044
m, 1012 m, 938 w, 923 m, 912 s, 863 w, 785 w, 767 s, 706 m, 653 w, 617 s, 541 w, 496
m.

Synthesis of Cl2Pd(L7)2 (L7=N-pyrazolylpropanamide). N-pyrazolylpropanamide (0.056g,
0.402mmol) and dichloro(1,5-cyclooctadiene)palladium(II) (0.075g, 0.263mmol) were dissolved
in 25mL of chloroform and placed under nitrogen for three days. A yellow precipitate formed
after 24 hours. Evaporation of the solvent yielded 0.071g (77.6%) of a yellow precipitate that
was soluble in DMSO. Elemental Anal. Calcd for C12H18N6O2PdCl2: C, 31.63; H, 3.98; N, 18.44.
Found: C, 31.64; H, 3.91; N, 17.93. Mp: 133.4-134.8 °C.
16

IR spectrum (ATR, cm-1): 3371 m, 3340 m, 3190 m, 3120 w, 2918 w, 2360 m, 2342 w,
1658 vs, 1616 m, 1520 m, 1430 w, 1415 s, 1372 m, 1302 m, 1270 m, 1217 m, 1191 w,
1173 w, 1116 w, 1088 m, 1041 w, 1013 w, 938 w, 901 w, 864 w, 794 w, 777 w, 760 s,
668 w, 654 w, 604 w, 535 m, 473 m.
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Results and Discussion
Summary of Results
Through an adaption to the synthetic procedure that was outlined by D’Amico et al., 3,5dimethylpyrazolyl-N-isopropylpropanamide (L1) was synthesized.6 X-ray crystallographic data
shows extensive hydrogen bonding between the amide carbonyl group on one molecule and a
pyrazolyl nitrogen on a neighboring L1 molecule. 3,5-Dimethylpyrazolylpropanamide (L2) has
also been synthesized using a similar synthetic scheme to that which afforded L1. Although
transition metal complexes of N-ppa derived ligands have been reported, there are no reported
complexes of N-ppa and its derivatives with Group 10 elements.4–6,10 Given the medicinal and
catalytic properties associated with platinum and palladium-based compounds, the coordination
chemistry of N-ppa derived ligands with palladium(II) was studied. The reaction of L1 with
dichloro(1,5-cyclooctadiene)palladium(II) displaces cyclooctadiene forming Cl2Pd(L1)2. This
complex is the first instance of a palladium(II) complex containing an N-ppa derivative and is
composed of a square planer Pd with trans L1 ligands attached through a pyrazolyl nitrogen. This
mode of coordination differs from the general trend that has been observed for complexes
containing N-ppa derivatives. Cl2Pd(L1)2 has been characterized by NMR and IR spectroscopy,
single crystal X-Ray diffraction, and elemental analysis. X-ray crystallographic data confirms
monodentate coordination through a pyrazolyl nitrogen and indicates intramolecular hydrogen
bonding between the amide and the chloride. Similar reactions were carried out with 3,5dimethylpyrazolylpropanamide

(L2),

pyrazolyl-N-isopropylpropanamide

(L3),

3-(1H-

benzotriazol-1-yl)-N,N-dimethylpropanamide (L4), 3-methylpyrazolylpropanamide (L5), 3-(1Hbenzotriazol-1-yl)-2-methylpropanamide (L6), and N-pyrazolypropanamide (L7) presumably
forming analogous complexes. While no crystal structures have been obtained for the products
from L2, L3, L4, L5, L6, and L7, significant shifts in the 1H NMR and IR spectra, as well as
elemental analyses for select products, supports complex formation.
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Synthesis of N-ppa Derived Ligands
Synthesis of 3-5-dimethylpyrazolyl-N-isopropylpropanamide (L1)
Previous studies demonstrated that the synthetic route to N-ppa could be modified to
produce analogous compounds.6 3,5-DimethylpyrazolylN-isopropylpropanamide (L1) was synthesized through
the base-catalyzed Michael addition (Scheme 2) of 3,5dimethylpyrazole and N-isopropylacrylamide in the
presence of benzyltrimethylammonium hydroxide. L1 was
recrystallized from a dichloromethane/ether solution (2:1),
affording clear, single crystals that were suitable for

Figure 6: The crystal structure of L1.

single crystal X-ray diffraction.
Selected bond lengths and angles are summarized in Table 1. The X-ray structure confirms
the formation of L1 (Figure 6). The C=O bond length is 1.2263(16) Ǻ. The bond lengths of the
pyrazole ring are in the range of 1.3331(17)-1.3982(19) Ǻ. These bond lengths are consistent with
those of other N-ppa derivatives.4 Extensive intermolecular hydrogen bonding between the amide
of one molecule to a pyrazolyl nitrogen of another molecule is also observed for L1.

L1
Scheme 2: The synthesis of 3,5-dimethylpyrazolyl-N-isopropylpropanamide
(L1)
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Figure 7: The 1H NMR spectrum of L1.
The 1H NMR spectrum of L1 (Figure 7) reveals: a doublet at 1.05ppm (HH), singlets at
2.18ppm and 2.24ppm (HA/HC and HC/HA, respectively), a multiplet at 3.93ppm (HG), triplets at
at 2.69ppm and 4.23ppm (HE and HD, respectively), a singlet at 5.58ppm (HB), and a broad singlet
at 6.04ppm (HF). The coupling constants are unremarkable and summarized in the Experimental
Section.

Figure 8: The IR spectrum of L1

The IR spectrum of L1 (Figure 7) shows a characteristic band of the amide group, with NH vibrations occurring at 3233cm-1. A very strong peak at 1658cm-1 corresponds to the carbonyl.
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Synthesis of 3,5-dimethylpyrazolylpropanamide (L2)

L2
Scheme 3: The synthesis of 3,5-dimethylpyrazolylpropanamide (L2).

Adapting the same synthetic scheme, 3,5-dimethylpyrazolylpropanamide (L2) was
synthesized from 3,5-dimethylpyrazole and acrylamide in the presence of a basic catalyst (Scheme
3). While the synthesis and crystallographic data for L2 is reported in the literature, no NMR or
IR spectral data were reported.11

Figure 9: The 1H NMR of L2.
The 1H NMR spectrum (Figure 9) of L2 indicated: singlets at 2.20ppm and 2.25ppm
(HA/HC and HC/HA, respectively), triplets at 2.78ppm and 4.24ppm (HE and HD, respectively), and
a singlet at 5.74ppm (HB). A broad signal is observed at 6.38ppm, likely corresponding to the
proton bonded to the nitrogen of the amide group (HF). The other proton of the amide group (HG)
appears to occur at the base of the peak corresponding to HB. Integration of these two broad signals
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yield similar values, supporting the conclusion that they correspond to the protons bonded to the
nitrogen of the amide group. The IR spectrum of L2 showed bands characteristic of an amide
group, with a CO absorption at 1674cm-1 and NH2 vibrations at 3343cm-1 and 3300cm-1,
respectively. As was the case with L1, the observed coupling is unremarkable and summarized in
the Experimental Section.
Syntheses of Palladium Complexes of N-ppa Derivatives
Complex Formation of Cl2Pd(L1)2

1

L1
Scheme 4: The synthesis of Cl2Pd(L1)2.

Transition metal complexes containing L1 have not been reported in the literature. A
palladium(II) complex of L1 (1) was prepared through the
reaction of L1 with dichloro(1,5-cyclooctadiene)palladium(II) in
chloroform in a 1.5:1 molar ratio. Crystals suitable for X-ray
diffraction analysis were obtained by dissolving 1 in chloroform
and carefully layering it with hexanes in an NMR tube.
X-ray diffraction analysis (Figure 10) indicated that in 1,
two L1 ligands displaced cyclooctadiene and were coordinated

Figure 10: The crystal structure
of 1.

through a pyrazolyl nitrogen. A comparison of the metrical
parameters of uncomplexed L1 with the values for the ligand in 1 shows no statistically significant
differences. Thus, coordination of the pyrazolyl nitrogen to palladium apparently does not
significantly perturb the electronic structure within the ligand. The molecule is further stabilized
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by hydrogen bonding between the amide hydrogen and one of the two trans chlorides. Bond
distances and angles are summarized in Table 1.

Figure 11: The 1H NMR spectra of a single sample over a period of three days. The top spectrum represents the
initial 1H NMR of a single crystal in solution, while the bottom spectrum shows the presence of new peaks after
three days.

NMR spectra (13C and 1H) were obtained in chloroform-d. The 1H NMR spectrum of 1
seems to indicate the presence of two isomers in solution. A change in the 1H NMR spectrum of
the solution of a single crystal is observed over a period of three days (Figure 11). Notable changes
include the presence of new peaks at 3.58 ppm and 4.85 ppm. The integration of these peaks affords
23

similar values and demonstrates that the minor isomer is in a ratio of 1:2 as compared to the major
isomer. The crystal structure of 1 (Figure 10) is assumed to be that of the major isomer.
The 1H NMR of the major isomer of the complex (Top spectrum in Figure 11) is similar
to that of the free ligand L1, with eight analogous signals between 0-8ppm. The protons of the
isopropyl group (HH) occur as a doublet at 0.90ppm. The two signals at 2.33ppm and 2.83ppm can
be assigned to the protons of the pyrazolyl methyl groups (HA and HC). The singlet at 5.89ppm
corresponds to the lone aromatic hydrogen (HB), while the broad peak at 6.49ppm can be assigned
to the proton bonded to the nitrogen of the amide group (HF). The protons of the methylene groups
(HD and HE) show triplets at 3.72ppm and 4.92ppm, with HE shifted downfield as a result of its
close position to the pyrazolyl nitrogen. Lastly, the proton of the methine group (H G) can be
assigned to the multiplet at 3.81ppm. As with the free ligand L1, the coupling between protons
was unremarkable and summarized in the Experimental Section.
When comparing the 1H NMR of 1 to that of L1, significant shifts greater than 0.50ppm
are observed with respect to the protons of the methylene groups (HE and HD), as well as those of
the amide (HF) and the methine (HG) groups. The shifts related to both HF and HG are likely the
result of hydrogen bonding between the amide and the chloride. A significant shift of 1.03ppm,
the greatest magnitude of any shift that was observed, was seen when comparing the positions of
the signal corresponding to HE in both L1 and 1.
Comparison of the IR spectrum of 1 (Figure 12) to that of L1 indicated similar CO
absorptions (1660 cm-1 in L1 vs. 1670 cm-1 in 1) and an increase in N-H vibrations to higher
wavenumbers (3233 cm-1 in L1 vs. 3293 cm-1 in 1) upon complexation. The similarity in
wavenumbers of the CO absorptions of L1 and 1 is not characteristic of previous N-ppa derived
complexes.4–6 Previously reported complexes of N-ppa derivatives have demonstrated a decrease
to lower wavenumbers of CO absorptions when comparing the IR spectra of the free ligand to that
of the associated complex.4,5 This shift was attributed to a decrease in electron density of the amide
carbonyl group that results from coordination to the metal.4 However, the absence of an observed
shift in the IR spectrum for the absorption of the carbonyl is explained by the unusual mode of
coordination that is observed for 1. Unlike the type of coordination that is observed in Figure 4,
where N-ppa chelates to the metal, trans L1 ligands are coordinated to the metal through a
pyrazolyl nitrogen in 1, while the carbonyl remains uncoordinated. The relative similarity in the
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IR spectrum of 1 and L1 in regards to the wavenumbers of CO absorptions can therefore be
explained by the monodentate coordination of L1 to 1; the lack of coordination via the amide
carbonyl unit in 1 results in similar CO absorptions between the complex and free ligand. In the
only reported case of analogous coordination, a silver(I) complex with N-ppa (Figure 5), there
was little difference between the CO absorptions of the free ligand and the complex (1687cm -1 in
N-ppa vs. 1690cm-1 in the silver(I) complex).5 The increase in N-H vibrations to higher
wavenumbers in the IR spectrum of 1 (Figure 12) to that of L1 is similar to that which has been
observed in other metal complexes of N-ppa derivatives.4–6 This shift may occur as a result of
extensive intramolecular hydrogen bonding that occurs between the chloride and the amide in 1.
The structure obtained from x-ray crystallographic data for 1 with the corresponding IR and NMR
spectra becomes important in assigning other palladium complexes of N-ppa derivatives where no
x-ray data could be obtained but 1H NMR and IR spectra could be used for comparison.

Figure 12: The IR spectrum of 1.
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Table 1. Selected Bond Lengths (Ǻ) and Angles (°) for L1 and 1.
L1

1

O-C(1)
N(2)-C(6)
N(2)-N(3)
N(2)-C(3)
N(3)-C(4)
N(1)-C(1)
N(1)-C(9)
C(6)-C(5)
C(6)-C(8)
C(5)-C(4)
C(4)-C(7)
C(3)-C(2)
C(2)-C(1)
C(9)-C(10)
C(9)-C(11)

1.2263(16)
1.3484(17)
1.3601(15)
1.4561(16)
1.3331(17)
1.3315(16)
1.4599(16)
1.3779(18)
1.485(2)
1.3982(19)
1.494(2)
1.5177(17)
1.5187(17)
1.503(2)
1.505(2)

C(1)-O
N(2)-C(6)
N(2)-N(3)
N(2)-C(3)
N(3)-C(4)
N(1)-C(1)
N(1)-C(9)
C(5)-C(6)
C(6)-C(8)
C(4)-C(5)
C(4)-C(7)
C(2)-C(3)
C(1)-C(2)
C(9)-C(10)
C(9)-C(11)

1.227(2)
1.3535(19)
1.3611(16)
1.4579(19)
1.333(2)
1.337(2)
1.459(2)
1.371(2)
1.490(2)
1.396(2)
1.466(2)
1.527(2)
1.512(2)
1.514(3)
1.520(3)

O-C(1)-N(1)
O-C(1)-C(2)
N(1)-C(1)-C(2)
N(1)-C(9)-C(10)
N(1)-C(9)-C(11)
C(10)-C(9)-C(11)
C(6)-N(2)-N(3)
C(6)-N(2)-C(3)
N(3)-N(2)-C(3)
C(4)-N(3)-N(2)
C(1)-N(1)-C(9)
N(2)-C(6)-C(5)
N(2)-C(6)-C(8)
C(5)-C(6)-C(8)
C(6)-C(5)-C(4)
N(3)-C(4)-C(5)
N(3)-C(4)-C(7)
C(5)-C(4)-C(7)
N(2)-C(3)-C(2)
C(3)-C(2)-C(1)

124.15(12)
120.93(11)
114.92(11)
109.99(13)
109.87(12)
112.03(13)
112.16(10)
128.90(11)
118.68(11)
104.85(10)
123.79(12)
106.41(12)
122.87(12)
130.71(13)
105.57(11)
111.02(11)
120.24(13)
128.73(13)
111.18(11)
111.79(11)

O-C(1)-N(1)
O-C(1)-C(2)
N(1)-C(1)-C(2)
N(1)-C(9)-C(10)
N(1)-C(9)-C(11)
C(10)-C(9)-C(11)
C(6)-N(2)-N(3)
C(6)-N(2)-C(3)
N(3)-N(2)-C(3)
C(4)-N(3)-N(2)
C(1)-N(1)-C(9)
N(2)-C(6)-C(5)
N(2)-C(6)-C(8)
C(5)-C(6)-C(8)
C(6)-C(5)-C(4)
N(3)-C(4)-C(5)
N(3)-C(4)-C(7)
C(5)-C(4)-C(7)
N(2)-C(3)-C(2)
C(1)-C(2)-C(3)

123.43(16)
121.50(15)
115.06(14)
109.86(16)
108.73(19)
112.35(19)
109.79(12)
128.31(13)
121.76(12)
107.52(12)
123.94(15)
107.16(13)
122.34(15)
130.47(15)
106.74(14)
108.78(14)
122.45(14)
128.77(15)
112.08(13)
111.08(13)
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Cl-Pd
N(3)-Pd
C(4)-N(3)-Pd
N(2)-N(3)-Pd
N(3)-Pd-N’(3)
N(3)-Pd-Cl
N’(3)-Pd-Cl’
N(3)-Pd-Cl’
N’(3)-Pd-Cl’
Cl-Pd-Cl’

2.3030(4)
2.0084(12)
127.40(10)
124.92(10)
180.0
90.44(4)
89.56(4)
89.56(4)
90.44(4)
180.0

Table 2. A Comparison of the IR Spectra of Ligands and their Associated Complex.
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Complex Formation of Cl2Pd(L2)2

2

L2
Scheme 5: The synthesis of Cl2Pd(L2)2.

While L2 has been reported in the literature, no transition metal complexes with L2 have
been observed.11 The reaction of L2 and dichloro(1,5-cyclooctadiene)palladium(II) in a 2:1 molar
ratio yielded an orange solid (2) upon evaporation. Despite repeated attempts, crystals suitable for
X-Ray diffraction analysis have not yet been obtained. The complex 2 has been characterized by
NMR and IR spectroscopy and elemental analysis.

Figure 13: The 1H NMR spectrum of 2.

The 1H NMR of 2 (Figure 13) shows five signals between 2-7ppm. The protons of the two
aromatic methyl groups (HA and HC) correspond to the pair of singlets observed at 2.35ppm and
2.83ppm, respectively. The lone aromatic proton (HB) is observed as a singlet at 5.91ppm. The two
triplets that are observed at 3.79ppm and 4.98ppm correspond to the protons of both methylene
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groups (HD and HE). The broad peaks occurring at 5.14 and 6.38ppm, respectively, can be
attributed to the protons bonded to the nitrogen of the amide group (HF and HG). A number of
sizeable shifts are observed when comparing the 1H NMR spectrum of L2 with that of 2, as there
are four signals that have shifted by a value greater than 0.5ppm. Of these signals, the signal
corresponding to HE has shifted to the greatest extent when comparing its respective position in
the 1H NMR of 2 to that of L2 (2.76ppm in L2 vs. 3.79ppm in 2). This shift is analogous to the
shift that is observed when comparing the same hydrogen assignment in L1 and 1. This shift, in
addition to the shifts observed in the IR spectrum of 1, supports complex formation.
The IR spectrum of 2 (Figure 14) shows a shift to higher wavenumbers for the NH2 group
of 2 as compared to that of L2 (3343 cm-1 and 3300 cm-1 in L2 compared to 3384 cm-1 and 3315
cm-1 in 2). Interestingly, the wavenumbers of the CO absorption of 2 was significantly different
than that of L2 (1674 cm-1 in L2 vs. 1704 cm-1 in 2). This defied the general trend that is observed
with respect to the complexation of N-pyrazolylpropanamide derivatives and may indicate a
unique complex structure. Singe crystals of 2 have not yet been obtained. Therefore, to formulate
a prediction to assess the composition of 2 for elemental analysis, a structure similar to that of 1
(Figure 10) was assumed. The elemental composition was predicted for a complex containing two
L2 ligands. The similarity between the results and predictions (see Experimental Section)
provides support for the conclusion that a complex has formed.

Figure 14: The IR spectrum of 2.
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The Formation of Cl2Pd(L3)2

3
L3
Scheme 5: The synthesis of Cl2Pd(L3)2.

The reaction of L3 and dichloro(1,5-cyclooctadiene)palladium(II) in a 2:1 molar ratio
yielded an orange solid (3) upon evaporation of the solvent. The complex 3 was characterized by
elemental analysis and NMR and IR spectroscopy. Singe crystals of 3 have not yet been obtained.
Therefore, as with 2, a structure similar to that of 1 (Figure 10) was assumed to formulate the
predictions for elemental analysis. The similarity between the results and predictions (see
Experimental Section) provides support for the conclusion that a complex has formed. NMR and
IR spectra are also consistent with formation of the proposed product.

Figure 15: The 1H NMR of Cl2Pd(L3)2.
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The 1H NMR spectrum of 3 (Figure 15) shows eight signals in the range of 0-8ppm. The
protons associated with the identical methyl groups (HE) correspond to the doublet that is observed
at 0.92ppm. The protons of the two methylene groups (HD and HE) are shifted downfield,
corresponding to the pair of triplets occurring at 3.63 (HE) and 5.06 (HD), respectively. The three
aromatic protons correspond to three singlets in the 6-8ppm region. HB corresponds to the triplet
at 6.35ppm, while HA and HC are observed as two doublets, respectively, between 7.50-7.81ppm.
The signal of the lone proton of the amide (HF) is observed as a broad doublet at 6.19ppm, while
the proton of the methine group (HF) is observed at 3.84ppm. The coupling observed in the 1H
NMR is unremarkable and summarized in the Experimental Section.
As with 1, there are considerable shifts observed in the 1H NMR spectra of 3 as compared
to L3. The signals corresponding to HE, HD, and HF were all shifted by over 0.50ppm.
Significantly, there is an observed shift of 0.92ppm with respect to location of HE. This is
analogous to the shift that was observed for 1 and 2 and supports the conclusion that a complex
was formed. Additionally, the considerable shift with respect to the proton of the amide group (HF)
may indicate the presence of hydrogen bonding; a shift that is similar in magnitude is observed in
1, where there is confirmed hydrogen bonding between the amide and the chloride from the x-ray
crystallographic data. Comparison of the IR spectra of 3 (Figure 16) and L3 indicates a shift to
higher wavenumbers for CO absorptions (1634 cm-1 in L3 vs. 1659 cm-1 in 3) and an increase of
N-H vibrations to higher wavenumbers (3317 cm-1 in L3 vs. 3375 cm-1 in 3). An increase to higher
wavenumbers in the CO absorption of the complex has not been previously observed for
complexes with N-ppa derivatives. Despite this, the significant difference is likely an indication
of coordination of L3 to the metal through the carbonyl. The increase in the wavenumbers of NH vibrations has been observed in most analogous complexes and is consistent with intramolecular
hydrogen bonding. The difference that is observed with respect to the CO absorptions between L3
and 3 may indicate that the carbonyl is involved in coordination, unlike that which is observed in
1 (Figure 10).
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Figure 16: The IR spectrum of 3.

Formation of Cl2Pd(L4)2

4

L4
Scheme 9: The synthesis of Cl2Pd(L4)2.

The reaction of L4 with dichloro(1,5 cyclooctadiene)palladium(II) yielded an orange solid
(4) upon evaporation of the solvent. As with 3, elemental analysis appears to support the
conclusion that a complex was formed. The prediction that was used to estimate elemental
composition was a structure similar to 1 (Figure 10). The similarity between the prediction and
results support complex formation. The 1H NMR of 4 (Figure 17) is very similar to that of the
ligand L4. Unlike in previous cases of complex formation with N-ppa derivatives, the 1H NMR of
the product 4 does not show significant shifts. The aromatic region of the NMR spectrum indicates
three multiplet signals that correspond to the four aromatic protons of the ligand (HA, HB, HC, HD).
The multiplet at 7.62ppm integrates for two hydrogens, while the remaining signals in the aromatic
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region (occurring at 7.80ppm and 8.76ppm, respectively) integrate for one proton each. The
protons of the methylene group adjacent to the carbonyl (HF) are represented by the triplet at
3.19ppm. The protons of the methylene group bonded to the pyrazolyl nitrogen are correspond to
the triplet at 5.07ppm. The protons of the methyl groups of the amide (H G and HH) correspond to
the singlets that occur at 2.92ppm and 2.94ppm, respectively.

Figure 17: The 1H NMR spectrum of 4.

Despite the limited differences that are observed in respect to the 1H NMR spectra of both
4 and L4, a comparison of the IR spectrum of 4 (Figure 18) to that of L4 supports the formation
of a complex. A shift to lower wavenumbers is observed when comparing the CO absorptions of
L4 and 4 (1644 cm-1 in L4 vs. 1635 cm-1 in 4). This shift is substantially less than the shift that is
observed with regards to other N-ppa derived ligands and their associated complexes but follows
the general trend that has been observed for these complexes.4-5 Complex formation is also
supported by the differences in the aromatic region of the 1H NMR spectrum of 4 as compared to
that of L4.
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Figure 18: The IR spectrum of 4.

Formation of Cl2Pd(L5)2

5

L5
Scheme 7: The synthesis of Cl2Pd(L5)2.

L5 was obtained from a prior synthesis. The reaction of L5 with dichloro(1,5
cyclooctadiene)palladium(II) yielded an orange solid (5) upon evaporation of the solvent.
Compound 5 was found to be insoluble in most solvents. Despite obtaining NMR spectra in
dimethylformamide (DMF), it was determined that the solvent was likely coordinating to the metal
and displacing the ligand. This was concluded after obtaining relatively poor NMR spectra, in
conjunction with the known coordinating behavior of DMF. Comparison of the IR spectra of 5
(Figure 19) with L5 showed a decrease in CO absorptions (1683cm-1 in L5 vs. 1659cm-1 in 5) and
a significant increase to higher wavenumbers of NH2 vibrations (3276 cm-1 and 3220 cm-1 in L5
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vs. 3375 cm-1 and 3342 cm-1 in 5). Both of the observed differences are consistent with the
generally observed trends for complexes of other N-ppa derivatives.

Figure 19: The IR spectrum of 5.

The Formation of Cl2Pd(L6)2

6

L6
Scheme 8: The synthesis of Cl2Pd(L6)2.

The reaction of L6 with dichloro(1,5-cyclooctadiene)palladium(II) in a 2:1 molar ratio
yielded a yellow precipitate (6). NMR spectra were not obtained for 6, as the product was found
to be insoluble in both polar and non-polar solvents. Comparison of the IR spectrum of 6 (Figure
20) and L6 indicated a decrease to lower wavenumbers of the CO absorptions (1685cm-1 in L6 vs.
1671cm-1 in 6) and an increase to higher wavenumbers of NH2 vibrations (3307cm-1 in L6 vs.
3380cm-1 in 6). These differences in both the CO absorptions and NH2 vibrations have been
observed for other N-ppa derivatives and may indicate that, in 6, the ligand is chelating to the metal
center.4–6 The decrease to lower wavenumbers of the CO absorption may indicate complexation
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through the carbonyl, as this decrease has been attributed to a decreased electron density around
the carbonyl-amide unit after complexation.5 The shift to higher wavenumbers for NH2 vibrations
may also indicate hydrogen bonding, similar to that which was observed in 1.

Figure 20: The IR spectrum of Cl2Pd(L6)2.

Formation of Cl2Pd(L7)2

L7
Scheme 9: The synthesis of Cl2Pd(L7)2.
The reaction of L7 with dichloro(1,5-cyclooctadiene)palladium(II) yielded a similar
yellow precipitate (7) to that of the reaction between L6 and the same metal source. While 7 was
insoluble in most solvents, it was soluble in dimethyl sulfoxide (DMSO). Despite this, NMR
spectra were not obtained, as dimethyl sulfoxide may displace L7 through coordination to
palladium. The NMR spectra that were obtained in DMSO were relatively poor, indicating that
displacement may be occurring. As with 3, elemental anlysis for 7 (see Experimental Section)
indicated complex formation; the results were consistent with two L7 ligands coordinated to
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palladium. The comparison of IR spectra of 7 and L7 indicates a similar trend to that which was
observed between L6 and 6: a decrease to lower wavenumbers in CO absorption (1690cm-1 in L7
vs. 1658cm-1 in 7 and an increase to higher wavenumbers for NH2 vibrations (3171cm-1 and
3111cm-1 in L7 and 3371cm-1 and 3340cm-1 in 7). As with other N-ppa derivatives, the decrease
to lower wavenumbers of the CO absorption may indicate complexation through the carbonyl,
while the increase to higher wavenumbers of the NH2 vibrations likely is indicative of hydrogen
bonding. Significantly, the shift that is observed in the IR spectrum for the NH2 vibrations is the
largest in magnitude that has been observed for analogous shifts (Refer to Table 2). This may
indicate that there is limited to no hydrogen bonding in free ligand L7. If hydrogen bonding were
to occur in 7, it is possible that the observed shift would be more significant than other N-ppa
derivatives. Although no crystal structures have been obtained for 6 and 7, preliminary information
suggests that a complex has not only formed but is similar in structure to previous complexes from
N-ppa derived ligands.

Figure 21: The IR spectrum of Cl2Pd(L7)2.
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Conclusion
As a result of the continued interest in N-ppa derived ligands, L1 was synthesized from
using a similar synthetic scheme to that which is reported in the literature for N-ppa derivatives.
X-ray crystallographic data shows extensive intermolecular bonding between L1 molecules. In
order to further study the complex behavior of N-ppa and its derivatives, the reaction of L1 with
dichloro(1,5-cyclooctadiene)palladium(II) was performed. The product from this reaction,
Cl2Pd(L1)2, has been characterized by NMR and IR spectroscopy, elemental analysis, and single
crystal x-ray diffraction. Crystallographic data of Cl2Pd(L1)2 indicates that two trans L1 ligands
are coordinated to palladium(II) through a pyrazolyl nitrogen. This defies the general trend that
is observed for N-ppa and its derivatives, which usually involves analogous ligands in a sevenmembered chelating ring. The IR spectrum of Cl2Pd(L1)2 also differs from other complexes with
N-ppa derived ligands, given the interesting mode of coordination. Similar reactions were carried
out with L2, L3, L4, L5, L6, and L7 with dichloro(1,5-cyclooctadiene)palladium(II), presumably
forming analogous complexes. Future work will be largely focused on isolating single crystals of
compounds from L2, L3, L4, L5, L6, and L7 in order to definitively determine the complex
behavior of these multifunctional ligands.
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